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© Chemical vapor deposition method. 

© A CVD method comprises the steps of making a 
plasma self-cleaning within a chamber (2) using a 
gas which includes fluorine, coating an inside of the 
chamber by a first layer of a material which includes 
silicon and nitrogen, and forming a second layer on 
a predetermined surface within the chamber by a 
chemical vapor deposition. The second layer is 
made of a material which includes a quantity of 
nitrogen smaller than a quantity of nitrogen included 
in the first layer. 
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CHEMICAL VAPOR DEPOSITION METHOD 



BACKGROUND OF THE INVENTION 

The present invention generally relates to 
chemical vapor deposition methods, and more par- 
ticularly to a chemical vapor deposition method 
which is employed in a chemical vapor deposition 
apparatus of a type which makes a plasma self- 
cleaning using a gas which includes fluorine. 

Recently, a high throughput is required of a 
chemical vapor deposition (CVD) apparatus. For 
this reason, a plasma self-cleaning is used within a 
chamber of the CVD apparatus so as to minimize 
the down time of the CVD apparatus. 

In the conventional CVD apparatus, the plasma 
self-cleaning is made by use of a gas which in- 
cludes fluorine. Thereafter, prior to forming a CVD 
layer on a wafer, the inside of the chamber is 
coated with a material identical to that of the CVD 
layer to a thickness of several microns so as to 
suppress the effects of the fluorine gas remaining 
within the chamber after the plasma self-cleaning. 

However, in the case where the CVD layer is a 
Si02 layer or a phospho-silicate glass (PSG) layer, 
it is impossible to eliminate or sufficiently suppress 
the gas which includes CF*. SF 6 . NF 3 and the like 
and is used for the plasma self-cleaning. For this 
reason, fluorine is inevitably mixed within the Si02 
or PSG layer which is formed on the wafer. 

A description will be given of an example of a 
case where a Si02 layer is formed on a Si wafer by 
the CVD. First a plasma self-cleaning is carried out 
using a NF3 gas. Thereafter, prior to forming the 
Si02 layer on the Si wafer, a Si02 layer is coated 
to a thickness of 3 microns inside the chamber of 
the CVD apparatus. Then, the S1O2 layer is formed 
on the Si wafer by the CVD. 

FIG.1 shows an analysis result of a secondary 
ion mass spectrometry (SIMS) which is made with 
respect to the Si02 layer which is formed on the Si 
wafer by the CVD. As may be seen from FIG.1, 
fluorine of a high concentration is mixed into the 
S1O2 layer. 

Therefore, according to the conventional CVD 
method, there are problems in that fluorine mixes 
into the Si02 layer. PSG layer and the like which 
are formed on the wafer by the CVD and the 
quality of the layer deteriorates. 

SUMMARY O F THE INVENTION 

Accordingly, it is a general object of the 
present invention to provide a novel and useful 
CVD method in which the problems described 
above are eliminated. 



Another and more specific object of the 
present invention is to provide a CVD method 
comprising the steps of making a plasma self- 
cleaning within a chamber using a gas which in- 

5 eludes fluorine, coating an inside of the chamber 
by a first layer of a material which includes silicon 
and nitrogen, and forming a second layer on a 
predetermined surface within the chamber by a 
chemical vapor deposition, where the second layer 

70 is made of a material other than nitrogen. Accord- 
ing to the CVD method of the present invention, the 
inside of the chamber is coated by the first layer 
so as to positively eliminate or suppress the flu- 
orine gas remaining within the chamber after the 

15 plasma self-cleaning. For this reason, the amount 
of fluorine mixed into the second layer is substan- 
tially suppressed compared to the conventional 
CVD method. The impurity quantity within the sec- 
ond layer is extremely small, and the second layer 

20 is uniform. 

Other objects and further features of the 
present invention will be apparent from the follow- 
ing detailed description when read in conjunction 
with the accompanying drawings. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG.1 is shows an analysis result of a SIMS 
30 which is made with respect to a Si02 layer which is 
formed by a conventional CVD method; 

FIG.2 is a diagram generally showing a plas- 
ma CVD apparatus which is used to carry out a 
CVD method according to the present invention; 
as FIG.3 shows an analysis result of SIMS 

which is made with respect to a Si02 layer which is 
formed by a second embodiment of the CVD meth- 
od according to the present invention; 

FIG.4 shows an analysis result of SIMS 
40 which is made with respect to a PSG layer which is 
formed by a second embodiment of the CVD meth- 
od according to the present invention; and 

FIGS.5 through 7 show analysis results of 
SIMS which is made with respect to a PSG layer 
45 which is formed by a conventional CVD method. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

50 FIG.2 generally shows a plasma CVD appara- 

tus which is used to carry out a CVD method 
according to the present invention. For the sake of 
convenience, it is assumed that a S1O2 layer is 
formed on a Si wafer by use of the plasma CVD 
apparatus shown in FIG.2 in a first embodiment of 

2 
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the CVD method according to the present inven- 
tion. The plasma CVD apparatus generally com- 
prises an RF source 1. a chamber 2. an RF elec- 
trode 3. a stage 4, and a valve group 5. A Si wafer 
10 is placed on the stage 4 within the chamber 2. 

First, a plasma self-cleaning is made as fol- 
lows. That is. a pressure within the chamber 2 is 
set to 0.5 Torr. and a NF 3 gas is supplied at a flow 
rate of 100 ccmin. The RF source 1 operates at an 
RF of 13.56 MHz and 300 W. 

Second, the pressure within the chamber 2 is 
set to 1 Torr. and a SihU gas is supplied at a flow 
rate of 20 ccmin. a NH 3 gas is supplied at a flow 
rate of 100 ccmin and a N 2 gas is supplied at a 
flow rate of 200 cc/min. The RF source 1 operates 
at an RF of 13.56 MHz and 300 W. As a result, a 
plasma SiN layer coats the inside of the chamber 2 
with a thickness of 0.3 micron. 

Third, the Si wafer 10 is placed on the stage 4 
within the chamber 2, and the pressure within the 
chamber 2 is set to 1 Torr. The wafer temperature 
is set to 400 *C. In addition, a SiH* gas is supplied 
at a flow rate of 5 cc/min. a N 2 0 gas is supplied at 
a flow rate of 250 ccmin and a N 2 gas is supplied 
at a flow rate of 50 cc/min. The RF source 1 
operates at an RF of 13.56 MHz and 300 W. As a 
result, a Si0 2 layer having a thickness of 1 micron 
is formed on the Si wafer 10. 

FIG.3 shows an analysis result of a SIMS which 
is made with respect to the Si0 2 layer which is 
formed on the Si wafer 10 by this embodiment. It 
can be seen from a comparison of FIGS.3 and 1 
that in this embodiment the amount of fluorine 
mixed into the SiOa layer which is formed on the Si 
wafer 10 is extremely small compared to that of the 
conventional case. 

Next, a description will be given of a second 
embodiment of the CVD method according to the 
present invention. In this embodiment, a PSG layer 
is formed on the Si wafer by use of the plasma 
CVD apparatus shown in F1G.2. 

First, a plasma self-cleaning is made for 80 
seconds under the following conditions. That is. a 
pressure within the chamber 2 is set to approxi- 
mately 0.5 Torr. and a NF 3 gas is supplied at a 
flow rate of 300 SCCM and N 2 0 gas is supplied at 
a flow rate of 150 SCCM. The RF source 1 op- 
erates at an RF of 13.56 MHz and 500 W. The 
temperature within the chamber 2 is set to 350 C 

Second, a SiN layer is coated inside the cham- 
ber 2 for 15 seconds under the following con- 
ditions. That is. the pressure within the chamber 2 
is set to 3 Torr. and a SiH«. gas is supplied at a 
flow rate of 130 SCCM. a NH 3 gas is supplied at a 
flow rate of 60 SCCM and a N 2 gas is supplied at a 
flow rate of 500 SCCM. The RF source 1 operates 
at an RF of 13.56 MHz and 350 W. The tempera- 
ture within the chamber 2 is set to 350 ' C. As a 



result, the plasma SiN layer coats the inside of the 
chamber 2 with a thickness of approximately 1500 

A. 

Third, the Si wafer 10 is placed on the stage 4 
5 within the chamber 2. and the pressure within the 
chamber 2 is set to 3 Torr. The wafer temperature 
is set to 350° C. In addition, a SiH* gas is supplied 
at a flow rate of 50 SCCM. a N 2 0 gas is supplied 
at a flow rate of 1300 SCCM and a gas which 
w includes 1% of PH 3 gas within an Ar gas is sup- 
plied at a flow rate of 800 SCCM. The RF source 1 
operates at an RF of 13.56 MHz and 100 W. This 
process is carried out for 15 seconds. As a result, 
a PSG layer having a thickness of approximately 
15 2000 A is formed on the Si wafer 10. 

FIG.4 shows an analysis result of a SIMS which 
is made with respect to the PSG layer which is 
formed on the Si wafer 10 by this embodiment. It 
can be seen from FIG.3 that the amount of fluorine 
20 mixed into the PSG layer which is formed on the Si 
wafer 10 is extremely small. 

For comparison purposes. FIGS.5 through 7 
show analysis results of SIMS which is made with 
respect to a PSG layer which is formed by a 
25 conventional CVD method. According to the con- 
ventional CVD method, it is assumed that a plasma 
self-cleaning and the forming of the PSG layer on 
the Si wafer are made under the same conditions 
as those of the second embodiment. But according 
30 to the conventional CVD method, a PSG layer 
coats the inside of the chamber after the plasma 
self-cleaning and prior to the forming of the PSG 
layer on the Si wafer. The PSG layer coats the 
inside of the chamber under the following con- 
35 ditions. That is. the pressure within the chamber is 
set to 3 Torr. The wafer temperature is set to 
350* C. In addition, a SiH* gas is supplied at a flow 
rate of 40 SCCM. a N 2 0 gas is supplied at a flow 
rate of 1300 SCCM and a PH 3 gas is supplied at a 
40 flow rate of 800 SCCM. The RF source operates at 
an RF of 13.56 MHz and 100 W. This process is 
carried out for 15 seconds. 30 seconds and 60 
seconds. 

FIGS.5. 6 and 7 respectively, show analysis 
45 results of SIMS which is made with respect to the 
PSG layer which is formed by the conventional 
CVD method for the three cases where the process 
of forming the PSG layer within the chamber is 
carried out for 15 seconds. 30 seconds and 60 
so seconds. It can be seen from FIGS.5 through 7 that 
the amount of fluorine mixed into the PSG layer 
which is formed on the Si wafer is relatively large 
regardless of the length of the process of forming 
the PSG layer within the chamber. But as may be 
55 seen by comparing RG.4 with FIGS.5 through 7. 
the amount of fluorine mixed into the PSG layer 
which is formed on the Si wafer 10 according to 
the second embodiment is extremely small com- 
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pared to the conventional case. 

The effect of reducing the amount of fluorine 
mixed into the layer which is formed on the wafer 
by the CVD method is notable when the inside of 
the chamber is coated with a layer which includes 5 
silicon (Si) and nitrogen (N) to a thickness of at 
least 1000 A. 

In addition, the layer which coats the inside of 
the chamber may be selected from a group of 
materials including SiN. SiON and SiBN. w 

Further, the present invention is not limited to 
these embodiments, but various variations may be 
made without departing from the scope of the 
present invention. 



Claims 

1. A chemical vapor deposition method com- 
prising the step of making a plasma self-cleaning 20 
within a chamber (2) using a gas which includes 
fluorine, characterized in that there are further pro- 
vided the steps of: coating an inside of the cham- 
ber (2) by a first layer of a material which includes 
silicon and nitrogen; and forming a second layer on 25 
a predetermined surface within the chamber by a 
chemical vapor deposition, said second layer being 
made of a material which includes a quantity of 
nitrogen smaller than a quantity of nitrogen in- 
cluded in said first layer. 30 

2. The chemical vapor deposition method as 
claimed in claim 1. characterized in that said step 
of making the plasma .self-cleaning uses a NF 3 
gas. 

3. The chemical vapor deposition method as 35 
claimed in claim 1 or 2. characterized in that said 
step of coating the inside of the chamber (2) coats 

the first layer which is made of a material selected 
from a group of materials including SiN, SiON and 
SiBN. «° 

4. The chemical vapor deposition method as 
claimed in any of claims 1 to 3, characterized in 
that said step of forming the second layer forms 
the second layer from a material selected from a 
group of materials including silicon dioxide (Si02) «s 
and phospho-silicate glass (PSG). 

5. The chemical vapor deposition method as 
claimed in claim 4, characterized in that said pre- 
determined surface is made of silicon (Si). 

6. The chemical vapor deposition method as so 
claimed in any of claims 1 to 5, characterized in 

that said step of coating the inside of the chamber 
(2) coats the first layer to a thickness of at least 
1000 A. 

7. The chemical vapor deposition method as 55 
claimed in claim 1. characterized in that said sec- 
ond layer is made of a material which includes no 
nitrogen. 
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